CYTOKINES and their receptors are involved in the pathophysiology of many diseases. Here we present a detailed review on cytokines, receptors and signalling routes, and show that one important lesson from cytokine biology is the complex and diverse regulation of cytokine activity. The activity of cytokines is controlled at the level of transcription, translation, storage, processing, posttranslational modification, trapping, binding by soluble proteins, and receptor number and/or function. Translation of this diverse regulation in strategies aimed at the control of cytokine activity will result in the development of more specific and selective drugs to treat diseases.
Introduction
For over two decades, it has been recognized that immune-competent cells produce peptide mediators, now termed cytokines. Cytokines act as chemical communicators between cells, but mostly not as effector molecules in their own right. The biological function of many cytokines is mediated through their ability to regulate gene expression in target cells. Recent developments have made it clear that cytokines play crucial roles in the regulation of normal growth and development, protection against inflammation and infection, neoplastic transformation, wound-healing and angiogenesis. For example, inflammatory mediators are involved in the pathophysiology of septic shock and they are often associated with disease severity. In such diseases the balance between pro-inflammatory cytokines (interleukin-1 (IL-1), IL-6, IL-8, tumour necrosis factor-alpha (TNF<z)) and anti-inflammatory compounds (IL-1 receptor antagonist (IL-lra), IL-IO, soluble IL-1 receptor (slL-1R), sTNFR) determines to a large extent the final outcome. Also, in many diseases it was shown that production levels or activity of important cytokines is perturbed. Understanding the control of cytokine activity is therefore important as it may provide new potential strategies to treat diseases.
In general, cytokines are not expressed constitutively, but are rapidly produced after stimulation and act locally to restore homeostasis. Cytokines bind with high affinity to specific receptors on the surface of target cells. When cytokine receptors are expressed on the cytokine-producing cell, autocrine cellular activation may be IL-6, IL-11, LIF, OM, CNTF, CT-1  IL-3, IL-5, GM-CSF  IL-2, IL-4, IL-7, IL-9, IL-13, IL-15   IL-10, IFN-, IFN-I, IFN-y   M-CSF   IL-lcz, IL-113, IL-lra, FGF-(z, FGF-I   TNF-ot, TNF-I, LT-I   TGF-(z, EGF   TGF-II, TGF-132, TGF-I3 PDGF, VEGF NGF [45] [46] [47] Strategies aiming at controlling cytokine activity take this into account and are schematically illustrated in Fig. 2 .
